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(54) Method and apparatus for radio communication 



(57) A method (and apparatus) of receiving (and 
transmitting) a wanted modulated radio frequency sig- 
nal and of demodulating it to recover the wanted mod- 
ulating signal (131 ,132) therefrom, the method compris- 
ing the steps of receiving a radio frequency signal (99); 
generating a high frequency local oscillator signal 
(71 ,72), which can be mathematically described as hav- 
ing a fixed frequency o>r F corresponding to the frequen- 
cy of the carrier wave of the wanted modulated radio 
frequency signal and a phase $ ss which varies in time 
according to a predetermined phase function; mixing the 
received radio frequency signal (99) with the high fre- 
quency local oscillator signal (71,72) to generate a 
mixed signal ( 1 1 1 : 1 1 6); converting the mixed signal from 



an analogue signal into a digital signal (121,122); gen- 
erating a low frequency focal oscillator signal 
(61,62,63,64), which can be mathematically described 
as having a fixed frequency of zero and a phase <J> SS 
which varies in time according to the predetermined 
phase function when delayed by a predetermined delay 
corresponding to the time taken for the signal to propa- 
gate between the first mixing step (110,115) and the sec- 
ond mixing step (300); and mixing the mixed signal with 
the low frequency local oscillator signal to recover a re- 
covered signal (1 31 ,1 32) including both a wanted base- 
band signal whose phase is not dependent on the pre- 
determined phase function and a noise signal whose 
phase is dependent upon the predetermined phase 
function. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a method and apparatus for performing radio communication, and in particular to 

a portable communications device incorporating such a method or apparatus. 

BACKGROUND OF THE INVENTION 

10 Within most common radio communication protocols (e.g. Groupe Special Mobile - GSM), portable communication 

devices must be able to receive and transmit radio signals at a plurality of different radio frequencies which correspond 
to different channels (or groups of channels) !n order to receive radio signals at different radio frequencies, conventional 
radio receivers have employed a superheterodyne receiver in which the incoming radio signal is mixed with a first 
locally generated signal whose frequency may be varied as desired. In this way it is possible to generate an intermediate 

75 frequency (IF) signal whose frequency is given approximately by f, F = f RF - f LO where f )F is the frequency of the IF 
signal, f RF is the frequency of the wanted radio signal and f uo is the frequency of the locally generated signal; since 
f LO may vary, it is always possible to choose an f LO such that f )F occupies a single frequency range regardless of the 
value of f RF . Conventionally, within GSM portable communication devices, f )F is chosen to have a value such that the 
image (f RF - 2f| F ) is out of the GSM band so it can be filtered by suitable RF filters. The IF signal thus obtained is then 

20 tillered by a band-pass filler in order to permil Ihe wanted signal to pass through while removing unwanted signals 
adjacent thereto. Thereafter, a second locally generated signal whose frequency corresponds to the frequency of the 
IF signal is mixed with the IF signal to generate the base-band signal. However, a significant drawback of such a 
superheterodyne receiver is that the band-pass filter required can not be easily incorporated onto an integrated circuit 
and has a significant cost associated with it. 

25 |n order to overcome the above-mentioned drawback with a superheterodyne receiver, a direct down -conversion 

receiver has been proposed in which f LO is set to equal t RF such that the IF signal corresponds directly to the base- 
band signal which is desired. In this case only a tow pass filter is required which can be formed on an integrated circuit 
as desired. However, the locally generated signal may itself get received by the aerial of the receiver and interfere with 
the wanted rf signal thus generating noise at dc within the base-band signal which will not be filtered by the low-pass 

30 filter In a similar manner, any non-linear distortion on the signal ( or on high level interfers 

) caused by non-linear components within the receiver may also cause an unwanted dc noise or second order AM 
components within the base-band signal which cannot be easily filtered out without adversely affecting the wanted 
base-band signal (N.B. the wanted base-band signal will also have a dc component). 

Thus there is a need for a method and apparatus for performing radio communication which overcomes the draw- 

35 backs associated with the prior art referred to above. 

SUMMARY OF THE INVENTION 

According to a first aspect of the present invention, there is provided a method of receiving a wanted modulated 

jo radio frequency signal and of demodulating it to recover the wanted modulating signal therefrom, the method comprising 
the steps of receiving a radio frequency signal; generating a high frequency local oscillator signal, which can be math- 
ematically described as having a fixed frequency corresponding to the frequency of the carrier wave of the wanted 
modulated radio frequency signal and a phase which varies in time according to a predetermined phase function; 
mixing the received radio frequency signal with the high frequency local oscillator signal to generate a mixed signal; 

^5 converting the mixed signal from an analogue signal into a digital signal; generating a low frequency local oscillator 
signal, which can be mathematically described as having a fixed frequency of zero and a phase which varies in time 
according to the predetermined phase function when delayed by a predetermined delay corresponding to the time 
taken for the signal to propagate between the first mixing step and the second mixing slep; and mixing the mixed signal 
with the low frequency local oscillator signal to recover a recovered signal including both a wanted base-band signal 

50 whose phase is not dependent on the predetermined phase function and a noise signal whose phase is dependent 
upon the predetermined phase function. 

According to a second aspect of the present invention, there is provided a method of modulating a carrier signal 
with a modulating signal and transmitting the modulated carrier signal thus formed, the method comprising the steps 
of generating a low frequency local oscillator signal, which can be mathematically described as having a fixed frequency 

55 of zero and a phase which varies in time according to a predetermined phase function; mixing the modulating signal 
with the low frequency local oscillator signal to generate a mixed signal; converting the mixed signal from a digital 
signal to an analogue signal; generating a high frequency local oscillator signal, which can be mathematically described 
as having a fixed frequency corresponding to the frequency of the carrier signal to be modulated and a phase which 
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varies in time according to the predetermined phase function when delayed by a predetermined delay corresponding 
to the time taken lor the signal to propagate between the first mixing step and the second mixing step; mixing the mixed 
signal with the high frequency local oscillator signal to generate a generated signal including both the wanted modulated 
carrier signal whose phase is not dependent on the predetermined phase function and a noise signal whose phase is 

5 dependent upon the predetermined phase function; and transmitting the generated signal. 

According to a third aspect of the present invention, there is provided a radio receiver for receiving a wanted 
modulated radio frequency signal and demodulating it to recover the wanted modulating signal therefrom, the receiver 
comprising receiving means for receiving a radio frequency signal; a high frequency local oscillator for generating a 
high frequency local oscillator signal, which can be mathematically described as having a fixed frequency corresponding 

io to the frequency of the carrier wave of the wanted modulated radio frequency signal and a phase which varies in time 
according to a predetermined phase function; an analogue mixer for mixing the received radio frequency signal with 
the high frequency local oscillator signal to generate a mixed signal; an analogue to digital convener for converting the 
mixed signal from an analogue signal into a digital signal; a low frequency local oscillator for generating a low frequency 
local oscillator signal, which can be mathematically described as having a fixed frequency of zero and a phase which 

is varies in time according to the predetermined phase function when delayed by a predetermined delay corresponding 
to the time taken for the signal to propagate between the analogue mixer and the digital mixer; and a digital mixer for 
mixing the mixed signal with the low frequency local oscillator signal to recover a recovered signal including both a 
wanted base-band signal whose phase is not dependent on the predetermined phase function and a noise signal 
whose phase is dependent upon the predetermined phase function. 

20 According to a fourth aspect of the presenl invention, there is provided a radio transmitter for modulating a carrier 

signal with a modulating signal and transmitting the modulated carrier signal thus formed, the transmitter comprising 
a low frequency local oscillator for generating a low frequency local oscillator signal, which can be mathematically 
described as having a fixed frequency of zero and a phase which varies in time according to a predetermined phase 
function; a digital mixer for mixing the modulating signal with the low frequency local oscillator signal to generate a 

25 mixed signal; a digital to analogue converter for converting the mixed signal from a digital signal to an analogue signal; 
a high frequency local oscillator for generating a high frequency local oscillator signal, which can be mathematically 
described as having a fixed frequency corresponding to the frequency of the carrier signal to be modulated and a phase 
which varies in time according to the predetermined phase function when delayed by a predetermined delay corre- 
sponding to the time taken for the signal to propagate between the digital mixer and the analogue mixer; an analogue 

30 mixer for mixing the mixed signal with the high frequency local oscillator signal to generate a generated signal including 
both the wanted modulated carrier signal whose phase is not dependent on the predetermined phase function and a 
noise signal whose phase is dependent upon the predetermined phase function; and transmitting means for transmitting 
the generated signal. 

The receiving and demodulating method preferably includes the step of filtering the recovered signal to remove 
35 unwanted components from the recovered signal including at least some of the noise whose phase is dependent upon 
the predetermined phase function. By this method, it is possible to remove more of the noise generated after the first 
mixing stage than would be the case if the phase of the noise signal was independent of the predetermined phase 
function. 

Note that reference to a mixer above will generally be understood in the art to refer to a mixer arrangement which 
-io will usually include at least two mixers so that separate mixing can be performed on the I and Q signals and/or so that 
signal balancing may be performed at baseband. 

Preferably, a signal corresponding to the predetermined phase function is generated digitally by a phase function 
generator in the form of a digital processor and/or suitable digital storage means. The high frequency local oscillator 
is preferably a digitally controlled frequency synthesiser and ideally is a fractional-N, Phase Locked Loop (PLL) fre- 
quency synthesiser, in combination with the phase function generator. The low frequency oscillator is preferably formed 
simply by the phase function generator itself. 

In one preferred embodiment, the predetermined phase function varies with lime in a non-linear fashion so as to 
spread the band-width of the signal with which it is mixed. Ideally the predetermined phase function further acts to 
spread the signal with which it is mixed in such a way that more of the signal power is moved to the edges of the 
50 spreaded frequency band than remains in the central portion of the spreaded frequency band. In this way it is possible 
to spread a significant fraction of the noise generated between the first and second mixing stages which would normally 
exist at the centre of the frequency band of the output signal (i.e. at dc in the case of a receiver or at the frequency of 
the unmodulated carrier signal in the case of a transmitter) to outside the frequency band of the output signal where 
it can be easily filtered. 

55 a significant advantage of using either type of spreading phase function is that at least some of the components 

used in the signal path (e.g. the analogue to digital or digital to analogue converters) can be used to process both a 
narrow band signal (such as is found in the GSM protocol) and a wide band signal (such as may be found in a wide- 
band CDMA protocol). 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the present invention may be better understood, embodiments thereof will now be described by way 
of example only, with reference to the accompanying drawings in which:- 

5 

Figure 1 is a block diagram of a radio transceiver according to the present invention; 

Figure 2 is a block diagram of the digital despreader and balance equaliser block of Figure 1; and 

Figure 3 is a block diagram of the digital spreader and balance equaliser block of Figure 1 . 

io DETAILED DESCRIPTION 

Referring firstly to Figure 1 , transceiver 1 comprises a common transmitting and receiving means 1 0, local oscillator 
means 50, a receive path 100 and a transmit pai.i 200. It will be understood by a person skilled in the art that Figure 
1 is schematic only and a large number of components which are not essential to the understanding of the present 

f 5 invention have been omitted for the sake of clarity; none-the-less, a skilled worker would have no difficulty in construct- 
ing a suitable radio transceiver from the present description in combination with the drawings by reference to a suitable 
textbook such as : for example, "RF transceiver architectures for wireless communication handsets" ( Ecole Polytech- 
nique Federale de Lausanne , Christian Kermarrec ). 

Common transmitting and receiving means 10 comprises an aerial 11 and associated rf circuitry 12 for controlling 

20 ihe flow of rf signals to and from the aerial 11 , and may for example include LNA, Power Amplifier, suitable fillers, 
duplexer,etc. Common transmitting and receiving means 10 receives as an input the output signal 1 99 from the trans- 
mitting path 200, and has an output signal 99 which forms the input to the receiving path 100. 

Local oscillator means 50 comprises a phase function generator 60, a Fractional N type PLL frequency synthesiser 
70 such as that described in prior US patent No. 5, 11 1 , 1 62 ["Digital Frequency Synthesizer having AFC and Modulation 

25 Applied to Frequency Divider," Hictala ct al.] and first delay control means 80. Phase function generator 60 generates 
a plurality of related low frequency signals 61-69 which will be described in greater detail below Signal 65 is applied 
to the frequency synthesiser 70 while signals 61 -64 are applied to the receiving path 100 and signals 66-69 are applied 
to the transmitting path 200. Frequency synthesiser 70 receives stgnal 65 together with a signal (not shown), which 
corresponds to the carrier signal, from a controlling processing unit, and generates first, second, third and fourth high 

30 frequency signals 7 1 ,72,73,74. First delay control means 80 acts to control the relative delay between the phase func- 
tion signals 61-69 and the output signals 71,72,73,74 of the frequency synthesiser as is discussed in greater detail 
below. 

Receive path 100 comprises an in-phase down-converting mixer 110, a quadrature-phase down -converting mixer 
1 15, an Analogue to Digital Converter (ADC) 120, second delay control means 125, a digital despreader and balance 

35 equaliser 300 and an IQ to data converter 140. It will of course be appreciated that this receive path 100 is highly 
simplified and therefore omits a number of elements which would be required in an actual receive path of this nature 
such as a number of filters/amplifiers placed at various stages along the receive path. Such filters/amplifiers have been 
deliberately omitted for the sake of clarity since they are not important for an understanding of the present invention. 
The in-phase and quadrature-phase down -converting mixers 110,115 receive output signals 71,72 respectively 

io from the frequency synthesiser 70 together with the received modulated carrier signal 99, which is outputted, after any 
initial filtering and/or amplification has been performed, by the common receiving and transmitting means 10. Mixers 
1 10,115 output an In-phase (I) 111 and a quadrature phase (Q) 11 6 analogue baseband signal. These signals are then 
input to the ADC 120 together with the output of the second delay control means 125. ADC 120 outputs an I digital 
signal 121 and a Q digital signal 122 which correspond to the input I and Q analogue signals 111,116 delayed by a 

45 certain amount of time which may be varied by the second delay control means 125. 

Digital I and Q signals 1 21 , 1 22 are input to the digital despreader and balance equaliser 300, together with signals 
61,62,63,64 output from the phase function generator 60. Digital despreader and balance equaliser 300 outputs de- 
spread and balanced digital I and Q signals 1 31 , 1 32; these I and Q signals 131,132 are then input to the IQ to data 
converter 140 which converts the input I and Q signals 131,132 to a digital data signal 101 which forms the output of 

50 the receiving path 100. The IQ to data converter 140 preferably takes the form of a look-up table or other well known 
means for performing IQ to data conversion. In between the digital despreader and balance equaliser 300 and the IQ 
to data converter 140, there will be one or more filtering/amplifying stages including at least a selectivity filter stage 
which will substantially remove any unwanted noise whoso frequency falls outside the band-width of the wanted signal. 
Transmitting path 200 comprises a data to IQ converter 240, a digital spreader and balance equaliser 400, a Digital 

55 to Analogue Converter (DAC) 220, a third delay control means 225, an in-phase up<onverting mixer 21 0, a quadrature- 
phase up-converting mixer 215 and a summing means 250. Again, a number of signal processing elements such as 
filters/amplifiers have been omitted from the transmitting path 100 of Figure 1 for the sake of clarity since they are not 
essential for an understanding of the present invention. 
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A data signal 201 to be transmitted forms the input signal to the transmitting path 200 and is inputted to the data 
to IQ converter 240 which generates digital I and Q signals 231 .232 which correspond to the data signal 201 to be 
transmitted. Digital I and 0 signals 231.232 are input to the digital spreader and balance equaliser 400 together with 
signals 56.67.68.69 output from the phase (unction generator 60. The digital spreader and balance equaliser 400 

5 outputs spreaded and balanced digital I and Q signals 221,222 which are inputted to the DAC 220 together with the 
output from the third delay control means 225. 

DAC 220 outputs an I analogue signal 211 and a Q analogue signal 216 which correspond to the input I and Q 
digital signals 221 ,222 delayed by a certain amount of time which may be varied by the third delay control means 225. 
The analogue I signal 211 is input to the in-phase up-converting mixer 210 together with high frequency signal 73 from 

w the frequency synthesiser 70. Similarly, the analogue Q signal 216 is input to the quadrature-phase up-converting mixer 
215 together with high frequency signal 74 from the frequency synthesiser 70. Up^converting mixers 210,215 output 
high frequency despreaded analogue I and Q signals 209 and 204 respectively and these signals are summed together 
by the summing means 250, to generate an analogue carrier signal 199. which is modulated by the input data signal 
201 , which signal is inputted to the common receiving and transmitting means 10 for transmission thereby. 

is Referring now to Figure 2, an implementation of the digital despreader and balance equaliser 300 of Figure 1 

comprises a receive Q signal gain adjustment means 31 0, a first 321 , second 322, third 323 and fourth 324 despreading 
multiplier, a first 331 and second 332 despreading adder/subtractor and a digital selectivity filter 340. 

Q signal gain adjustment means 310 receives digital Q signal 122 and a Q signal gain adjustment signal 370 and 
outputs an adjusted gain Q signal 311. First despreading multiplier 321 receives the digital I signal 121 together with 

20 the first phase lunclion signal 61 from the phase function generator 60 and outputs a signal 351 which is applied to a 
first input of the first despreading adder/subtractor 331 . The second despreading multiplier 322 also receives the digital 
I signal 121 together with the second phase functbn signal 62 from the phase function generator 60 and outputs a 
signal 352 which is applied to a first input of the second despreading adder/subtractor 332. The third despreading 
multiplier 323 receives the adjusted gain Q signal 311 together with the third phase function signal 63 from the phase 

25 function generator 60 and outputs a signal 353 which is applied to a second input of the first despreading adder/ 
subtractor 331. The fourth despreading multiplier 324 also receives the adjusted gain Q signal 311 together with the 
fourth phase function signal 64 from the phase function generator 60 and outputs a signal 354 which is applied to a 
second input of the second despreading adder/subtractor 332. 

The inputs of the first despreading adder/subtractor 331 are arranged to generate an output signal 361 which is 

30 the difference between the two input signals 351 ,353. The inputs of the second despreading adder/subtractor 332 are 
arranged to generate an output signal 362 which is the sum of the two input signals 352.354. The nature of each of 
the inputs (whether they are inverting or non-inverting) of the first and second despreading adder/subtractors 331 ,332 
in this particular embodiment is controllable by first and second despreading control signals 381,382 respectively to 
enable the outputs of the adder/subtractors to be inverted or not as desired (i.e. for one state of control signal 381 the 

35 first adder/subtractor's first input is inverting while its second input is non-inverting, and for an alternative state of control 
signal 381 the natures of the first and second inputs are swapped; similarly for one state of the second control signal 
382 both inputs to the second adder/subtractor 332 are non-inverting but for an alternative state of control signal 382 
both inputs are inverting). 

The overall mathematical processing of the digital despreader and balance equaliser is modelled by the following 
•to vectorial equation: - 

V OUT = OlN + J Ad °IN eX P<j W» < eX P<*l *SS» 

45 which is equivalent, when expressed in a more general form, to:- 

V OUT = ClN + j Q|N H CQMP) A SS ( eX P(^Ss)) 

50 where V OUT is the signal output by the digital despreader and balance equaliser, Hcomp is the compensation of the 
balanced filters to compensate for any mismatch between the I and Q signal paths, <f> ss is the phase depsreading/ 
spreading signal, A ss is the amplitude desprcading/sprcading (whose value is preferably controlled to take only cither 
» 1 or -1 ), tin is the input I component signal and Q, N is the input Q component signal. 

The ability to change the nature of the inputs to the adder/subtractors enables amplitude spreading and despread- 
55 ing to be performed (where the amplitude spreading signal f^ s takes only ±1) in addition to phase spreading and 
despreading. however in certain applications such amplitude spreading will not be required in which case the nature 
of the inputs will be fixed and the control signals 381 and 382 v/ill be absent. 

The I and O signals 361.362 output from the adder/subtractors 331.332 are then passed on to a digital filtering 
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element 340 which includes a controllable selectivity filtering stage, the passed bandwidth of which is controllable by 
a filter control signal 341 which is applied to a third input of the digital filtering element 340 The digital filtering element 
340 outputs the despread and balanced digital I and O signals 131,132. 

Referring to Figure 3, an implementation of the digital spreader and balance equaliser 400 of Figure 1 comprises 
5 first 421, second 422, third 423 and fourth 424 spreading multipliers, first 431 and second 432 spreading adder/sub- 
tractors and a transmit Q signal gain adjustment means 410. 

The digital spreader and balance equaliser 400 is substantially the converse of the digital despreader and balance 
equaliser 300. Thus, the first and second multipliers 421 ,422 both receive the digital I signal 231 to be transmitted at 
their first inputs while the third and fourth multipliers receive the corresponding digital Q signal 232 at their first inputs. 

10 At their second inputs, the first, second, third and fourth multipliers 421,422,423,424 receive, respectively, the sixth, 
seventh, eighth and ninth phase function signals 66,67,68,69 output by the phase function generator 60. The output 
signals 451 ,452,453,454 of the multipliers 421 ,422, 423 , 424 are inputted respectively to the first input of the first adder/ 
subtractor 431, the first input of the second adder/sub i. actor 432, the second input of the first adder/subtractor 431 
and the second input of the second adder/subtractor 432. 

is As with the digital despreader and balance equaliser 300, the implementation of the digital spreader and balance 

equaliser 400 of Figure 3 is such that the inputs of the first spreading adder/subtractor 431 are arranged to generate 
an output signal 221 which is the difference between the two input signals 451,453, and the inputs of the second 
spreading adder/subtractor 432 are arranged to generate an output signal 41 1 which is the sum of the two input signals 
452,454. Furthermore, the nature of each of the inputs (whether they are inverting or non-inverting) of the first and 

20 second despreading adder/subtractors 431 ,432 in this particular embodiment is controllable by first and second spread- 
ing control signals 481 ,482 respectively to enable the outputs of the adder/subtractors to be inverted or not as desired 
(i.e. for one state of control signal 481 the first adder/subtractor's 431 first input is inverting while its second input is 
non-inverting, and for an alternative state of control signal 461 the natures of the first and second inputs are swapped; 
similarly for one state of the second control signal 482 both inputs to the second adder/subtractor 432 are non-inverting 

25 but for an alternative state of control signal 382 both inputs arc inverting). 

The output signal 221 from the first adder subtractor 431 forms the I signal input to the DAC 220 of Figure 1 The 
output signal 411 of the second adder/subtractor 432 is input to the transmit Q signal gain adjustment means 410 
together with a gain adjustment signal 470. The output signal 222 from the gain adjustment means 410 forms the gain 
adjusted Q signal input to the DAC 221 of Figure 1 

30 The operation of the transceiver of Figure 1 will now be described with reference to Figures 1 , 2 and 3 in terms of 

a simplified mathematical expression of the signals pasing through the transceiver. Bearing in mind the following well 
known expressions:- 

35 cos A • cos B - V> co$(A + B) + V> cos(/\ - B) 

cos A • sin B = Vs sin(>4 + B) - V? sin(/J - B) 

40 

sin A • cos B = Vv sin(>A \ B) i % s\x\{A - 0) 
sin A • sin B = V> cos(4 - B) - V? cos(4 + B) 

45 

and given that the first to fourth and sixth to ninth signals 61-64, 66-69 output by the phase function generator 60 are 
given by - 

P 61 =cos$ ss 

so P 62 - Sin <t>ss 

P 63 =sin(4> ss + <j> OFF ) 
P 64 =cos(^ ss i $ OFF ) 
P 66 = cos<Ji ss 
P 67 =sin(<|> ss 4- <[> OFF ) 

55 P 68 - sm ^ss 

P 69 =cos(4> ss + 4> OFF ) 

Considering firstly the transmission of data, data 201 to be transmitted is input to the transmit path 200 where it 
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is initially converted into digital I and Q signals 231 .232 by the data to IO converter. The digital I and Q signals may be 
considered as digital I and Q representations of a constant amplitude signal having a time-varying phase <|> w Thus the 
I and Q signals may be written: - 

l 231 =cos(t) w 
Q 232 -sin<J> w 

Referring now to Figure 3, the output signals 451.452,453,454 of the first 421 , second 422 third 423 and fourth 
424 multipliers can be expressed as:- 

M 451 = cos <t> w • cos 0 SS = V, cos(^ w + 4> 5£ ) + tf>cos(<t> lv - (J> ss ) 

M 452 = cos 4)„ • sin (0^ + $ OFF ) = y /, sin (Q> w + 0 SS + <b OFF ) - * sin(<f> vv - 0^ - $ OFF ) 

M 4S3 = sin 0 w • sin (J> 53 = % cos(<b w - 4> 55 ) - Xcos($ w + <^) 

M 454 = sin <t> vv • cos(<t» S5 + Q OFF ) = # sin(0 w + (J^ + <|> OFF ) + sin($ lv - $ ss - $ OFF ) 
The signals 221,411 output by the first and second adder/subtrators 431,432 are then given by- 

25 l 2 21 = M 45r M 4S3= cos ( ( Kv ^Ss) 

°41l = M 452 +M 4S4= sin (^w+^ss+^OFf) 

The Q signal 451 is then passed through the Q signal gain adjustment means 410 to generate the gain adjusted 
O signal 222 given by:- 

30 Q 22 2= Ac, sjn ( ( l , w + 0ss + ^oFF) where Ad is tne 9 ain adjusted amplitude of signal 222. Thus it can be seen that both 

the phase and the gain of the quadrature signal can be adjusted to compensate for any differences between the l-and 
Q paths between the digital spreader and balance equaliser 400 and the up-converting mixers 210,215, by selecting 
appropriate values for o OFF and Ad respectively; these values may be selected dynamically by a suitable controlling 
unit or preprogrammed and stored in a suitable storage means, ideally with different values for different circumstances 

35 (e.g. transmission channel, temperature. etc). 

When the I and Q signals arrive at the up-converting mixers 210,215 they will have picked up some noise , including 
a dc component of noise. If it is assumed that the compensation of the Q signal has successfully ensured that the I 
and Q signals have the same amplitude (which is again considered to be unity for the sake of convenience) and have 
the correct quadrature phase difference at this point, and only the dc component of the noise is considered at this 

40 stage, the I 211 and Q 216 signals at this point may be expressed as:- 

I 21 ^COS^w+^ss) + 'NOISE 

Q 2 i 6 =sin(<t> w +<l> ss ) +Q NO ise 

45 The third and fourth high frequency signals 73,74 generated by the frequency synthesiser 70 (as a result of the 

signal 65 sent by the phase function generator 60 together with a selected channel frequency signal sent by a suitable 
controller) are given by.- 

L0 73 =cos(o> RF -<t>ss) 
so L0 74 --sin(co RF -<}> ss )-sin(o ss -o) RF ) 

Note, 4 SS is a function of time, and where it is a complicated function of time (i.e. where its first derivative with 
respect to time is non-constant) it is important that the term $ ss appearing in the expressions for L0 73 and L0 74 
corresponds as closely as possible to $ ss appearing in the expressions for l 2JI and Q 2I6 in terms of time. This is 
55 achieved by controlling the relative delays of the phase function 0 SS travelling either via the frequency synthesiser 70 
(the delay along this path being controlled by the first delay control means 80) or via the digital spreader and balance 
equaliser 400 and the DAC 220 (the delay along this path being controllable by the third delay control means 225) 
Also the digital phase generator could be predistorded to take into account the known introduced distorsion of the 
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35 



40 



45 



FRACN PLL LO (this distorsion is due to the bandwidth limitation of the FRACN PLL). 
The output signals 209,204 of the up-converting mixers is therefore given by- 

] 209 =, 2ir L °73 = l cos (*W +< »SS> + 'nOISe! cos ( t0 RF l ^Ss) 
= 1/2.cos(co RF +(|) w )+1/2.cos(oj RF .t-(l) w -2(t) ss )+l NOlSE .cos((o RF .t-<J) ss ) 

Q 204 =Q 2i6 LO 74 = l sin (^w 1 «>ss) 1 q noise1 s^ss^f^ 
-1/2. cos(co RF +(fr w )-1/2.cos(<o RF .t-<|) w -2<l» ss )-Q NO|SE .sin(o) RF .t0 ss ) 



These two signals are then summed by summing means 250 (which may for example be a two-input high frequency 
15 amplifier) to generate the output signal of the transmit path 1 99 given by:- 

S 199 =, 209 + Q 204 = COS(o> RF +<D w ) + l NO |SE- COS < a) RF-M>ss) ' Q NOISE S'^RF ^Ss) 

20 Thus it can be seen that the output signal 1 99 includes a modulated carrier wave signal portion as desired, together 

with a noise component whose frequency is dependent upon the phase function (J> ss . Therefore by selecting a phase 
function (J> ss which generates a spread spectrum (of, in a preferred embodiment, approximately 5 times the channel 
bandwidth) the majority of the noise can be spread to outside the channel of interest, thus reducing the noise inside 
the channel of interest and therefore leading to a greater signal to noise ratio of the transmitted signal so far as a 

25 receiver is concerned. 

Turning now to consider the reception of data, referring both to Figure 1 and Figure 2, the signal S 9g to be demod- 
ulated by the receive path 100 is output by the common receiving and transmitting means 10 after reception at the 
aerial 11 and suitable rf processing by the associated rf circuitry 12 of a received rf signal. Signal Sg 9 may be given by 
S 99 = cos(<o RF t+o w ) where noise initially received with the wanted signal has been ignored for the sake of clarity. This 

30 signal S 99 is then applied to both the in-phase 1 1 0 and quadrature-phase 1 1 5 down-converting mixers where it is mixed 
with the first 71 and second 72 to generate at the outputs of the mixers:- 



l in = S 99 .L0 71 = cos((o RF .t+<t> w ).cos(co RF .H ss ) 

= 1/2 cos(<l> w +<t> ss ) + 1/2 cos(2co RF .t +<t» w -<t> ss ) 

Qne = S 99 .L0 72 = cos(co RF .t+4) w ).sin((o RF .t-<t) ss ) 

= -1/2 sin(4> w +<)> ss ) + 1/2 sin(2a) RF .t +4> w -4>ss) 



These signals are then filtered, amplified and digitised (in no particular order) to derive digital signals l l21 andQ 12 2 
given by l 12 i=cos((j> w +({) SS ) + ^oise and Q 122= "( 1/Ad ) s^C^+^ss^off) + ( 1/Ad ) q noise where the magnitude of the 
in-phase signal l 121 has again been normalised for the sake of convenience. I N oise anc * ^noise represent the dc 
components of noise picked up by the I and Q signals before reaching the digital despreader and balance equaliser 

50 300. Such noise can for example arise as a result of leakage from the local oscillator 70 being added to the received 
signal and and therefore being downconverted by mixers 110 and 115 to an unwanted dc component. 

It will be noted that because the in-phase and quadrature-phase signals travel along different paths between the 
mixers 110,115 and the digital despreader and balance equaliser 300, a phase offset 4> OFF and a difference in gain 
1/Ad will have arisen between these signals. The relative gain difference 1/Ad is compensated by the gain adjustment 

55 means 310 which effectively multiplies the input signal Q 122 by the gain adjustment signal 370 to give:- 



Q 3 11=Ql22- A d 3 70 = -( 1/Ad ) Ad ' Sin (<t>W + <)>SS+0OFF) + Q 



NOISE 
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= -sin(4s w +4> ss +$ OFF ) + Q NO)SE 

300 Ire ghlerTby- 9 " 3 ' 8 ^ 352 353 354 °' the firSl 321 ' second 322 ,hird 323 and 324 multipliers of despreader 
M 3S , =[C0S(4) W +<J) SS ) + I^J.COS^ 

= 1/2cos<j> w + 1/2cos(4. w+ 2<i) ss ) + l N01SE .cos<fc 



ss 



M 352 =[cos(<|> w +<p ss + WJl-Sintjiss 

= -1/2sin<() w + 1/2sin(<|. w+ 2<j> ss ) + l NO(SE .sin<t) ss 

M 3S3 = [-sin(<j) w+ <D ss+ <> onr ) + Q^seJ.sin^+O)^) 

= -1/2cos<|> w + 1/2cos«, w+ 2<t, ss+ 20> OFF ) + Q N01SE .sin(<t> ss+ <j, 0FF ) 

M 35 4 = (-sin(<|> w+ <t. ss+ <fr OFF ) + Q^seJ.cos^ss+^p) 

= -1/2sin<J, w - 1/2sin(<j, w+ 2^ ss+ 2(), OFF ) + Q NOISE .cos(<t> ss+ <}> OFF ) 

(No.e, in order to ensure that the term «, ss appearing in the terms for P 61 -P M corresponds to .he term ^ appearing 
in the terms for l 12] and Q 311 , it is neccessary for suitable delays to be created along a first path between the phase 
unction generator 60 and the digital despreader and balance equaliser 300 via the local oscillalor 70, mixers 11 0 and 
115 and ADC 120 and a second path directly by signals 61-64. This is achieved by the phase function generator 
providing a coarse delay on signals 61 -64 relative to signal(s) 65 and by providing fine delay control using the first and 
second delay control means 80, 1 25) 

Also the digital phase generator could be predistorded to take into account the known introduced distorsion of the 
FRACN PLL LO (this distorsion is due to the bandwidth limitation of the FRACN PLL). 

The signals 361,362 output by the first and second adder/subtractors 331,332 are then given by- 

■aei = M 351 - M 353 

= cos<t> w + [1/2cos(4> w+ 2<t, ss ) - 1/2cos(4> w+ 2<fr ss+ 2<t> OFF )] + N 



Q 362 =M 3S2 + M 3S4 

= -sin<» w + [1/2sin(<j> w+ 2<}> ss ) - 1/2sin(<|) w+ 2<}> ss +2<j> OFF )] + M 

(Note the second term in both of the above expressions, in square brackets, will be relatively small compared to 
the wanted signal for a small value of $ OFF and also i! will be spread twice by 2(f ss which then will be filtered by the 
selectivity filters) N and M here represent the result of passing the dc noise components through the digital despreader 
and balance equaliser 300. the effect of which is to mulliply the dc components by a varying frequency (controlled by 
<!> SG ) thus spreading what was a dc noise to frequencies throughout the spreaded signal bandwidth. 



9 



EP 0 977 351 A1 



These signals are then passed through a digital selectivity filters stage 340 where any noise outside the bandwidth 
of the wanted signals are removed, including a large portion of the spreaded noise signals N and M. Note that the 
exact properties of the digital selectivity filters can be controlled by a suitable controlling unit such as a DSP or micro- 
controller and this is represented in Figure 2 by control signal 341. 

The output signals 131, 132 from the digital selectivity filters stage 340 are then the I and Q components of the 
wanted signal V WANTED -exp(-j.<j> w ) which are inputted to the IQto data converter 140 which recovers the wanted data 
signal 101 which is output from the receive path 100. 



10 Claims 

1. A method of receiving a wanted modulated radio frequency sionaj and of demodulating it to recover the wanted 
modulating signal therefrom, the method comprising the steps of receiving a radio frequency signal; generating a 
high frequency local oscillator signal, which can be mathematically described as having a fixed frequency corre- 

is sponding to the frequency of the carrier wave of the wanted modulated radio frequency signal and a phase which 

varies in time according to a predetermined phase function; mixing the received radio frequency signal with the 
high frequency local oscillator signal to generate a mixed signal: converting the mixed signal from an analogue 
signal into a digital signal; generating a low frequency local oscillator signal, which can be mathematically described 
as having a fixed frequency of zero and a phase which varies in time according to the predetermined phase function 

20 when delayed by a predetermined delay corresponding to the time taken for the signal to propagate between the 

first mixing step and the second mixing step; and mixing the mixed signal with the low frequency local oscillator 
signal to recover a recovered signal including both a wanted base-band signal whose phase is not dependent on 
the predetermined phase function and a noise signal whose phase is dependent upon the predetermined phase 
function. 

25 

2. A method of modulating a carrier signal with a modulating signal and transmitting the modulated carrier signal thus 
formed, the method comprising the steps of generating a low frequency local oscillator signal, which can be math- 
ematically described as having a fixed frequency of zero and a phase which varies in time according to a prede- 
termined phase function; mixing the modulating signal with the low frequency local oscillator signal to generate a 

30 mixed signal; converting the mixed signal from a digital signal to an analogue signal; generating a high frequency 

local oscillator signal, which can be mathematically described as having a fixed frequency corresponding to the 
frequency of the carrier signal to be modulated and a phase which varies in time according to the predetermined 
phase function when delayed by a predetermined delay corresponding to the time taken for the signal to propagate 
between the first mixing step and the second mixing step; mixing the mixed signal with the high frequency local 

35 oscillator signal to generate a generated signal including both the wanted modulated carrier signal whose phase 

is not dependent on the predetermined phase function and a noise signal whose phase is dependent upon the 
predetermined phase function; and transmitting the generated signal. 

3. A method as claimed in either one of the preceding claims wherein the predetermined phase function varies with 
JO time in a non-linear fashion so as to spread the band-width of the signal with which it is mixed. 

4. A method as claimed in claim 3 wherein the predetermined phase function is such that the bandwidth of the signal 
with which it is mixed is spreaded in such a way that more of the signal power is moved to the edges of the spreaded 
frequency band than remains in the central portion of the spreaded frequency band, whereby a significant fraction 

■ts of the noise generated between the first and second mixing stages is spreaded to outside the frequency band of 

the wanted modulating signal signal where it can be easily filtered out. 

5. A method as claimed in claim 1 or either one of claims 3 or 4 when dependent upon claim 1 further including the 
step of filtering the recovered signal to remove unwanted components from the recovered signal including at least 
some of the noise whose phase is dependent upon the predetermined phase function 



so 



6. A radio receiver for receiving a wanted modulated radio frequency signal and demodulating it to recover the wanted 
modulating signal therefrom, the receiver comprising receiving means for receiving a radio frequency signal; a 
high frequency local oscillator for generating a high frequency local oscillator signal, which can be mathematically 
55 described as having a fixed frequency corresponding to the frequency of the carrier wave of the wanted modulated 

radio frequency signal and a phase which varies in time according to a predetermined phase function; an analogue 
mixer for mixing the received radio frequency signal with the high frequency local oscillator signal to generate a 
mixed signal; an analogue to digital converter for converting the mixed signal from an analogue signal into a digital 
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signal: a low frequency local oscillator for generating a low frequency local oscillator signal, which can be mathe- 
matically described as having a fixed frequency of 7ero and a phase which varies in time according to the prede- 
termined phase function when delayed by a predetermined delay corresponding to the time taken for the signal to 
propagate between the analogue mixer and the digital mixer: and a digital mixer for mixing the mixed signal with 
the low frequency local oscillator signal to recover a recovered signal including both a wanted base-band signal 
whose phase is not dependent on the predetermined phase function and a noise signal whose phase is dependent 
upon the predetermined phase function. 

7: A radio transmitter for modulating a carrier signal with a modulating signal and transmitting the modulated earner 
signal thus formed, the transmitter comprising a low frequency local oscillator for generating a low frequency local 
oscillator signal, which can be mathematically described as having a fixed frequency of zero and a phase which 
varies in time according to a predetermined phase function; a digital mixer for mixing the modulating signal with 
the low frequency local oscillator signal to generate a mixed signal; a digital to analogue converter for converting 
the mixed signal from a digital signal to an analogue signal: a high frequency local oscillator for generating a high 
frequency local oscillator signal, which can be mathematically described as having a fixed frequency corresponding 
to the frequency of the carrier signal to be modulated and a phase which varies in time according to the predeter- 
mined phase function when delayed by a predetermined delay corresponding to the time taken for the signal to 
propagate between the digital mixer and the analogue mixer; an analogue mixer for mixing the mixed signal with 
the high frequency local oscillator signal to generate a generated signal including both the wanted modulated 
carrier signal whose phase is not dependent on the predetermined phase function and a noise signal whose phase 
is dependent upon the predetermined phase function; and transmitting means for transmitting the generated signal. 

8. A radio receiver or transmitter according to either one of claims 6 or 7 further comprising a phase function generator 
for generating the predetermined phase function. 

9. A radio receiver or transmitter as claimed in claim 8 wherein the low frequency oscillator is formed by the phase 
function generator. 

10. A radio receiver or transmitter as claimed in either one of claims 8 or 9 wherein the phase function generator 
includes a look-up table in which sample values of the predetermined phase function are stored. 

11. A radio receiver or transmitter as claimed in any one of claims 6 to 10 wherein the high frequency local oscillator 
comprises a digitally controlled frequency synthesiser in combination with the phase function generator. 

12. A radio receiver or transmitter as claimed in claim 11 wherein the digitally controlled frequency synthesiser com- 
prises a fractional-N type frequency synthesiser. 

1 3. A radio receiver as claimed in claim 6 or any one of claims 8 to 1 2 when dependent upon claim 6 further comprising 
a digital despreader and balance equaliser, which includes the digital mixer, for performing IQ balancing in addition 
to signal despreading. 

14. A radio transmitter as claimed in claim 7 or any one of claims 8 to 12 when dependent upon claim 7 further com- 
prising a digital spreader and balance equaliser, which includes the digital mixer, for performing IQ balancing in 
addition to signal spreading. 

15. A radio receiver or transmitter as claimed in claim 13 or claim 14 wherein the phase function is predistorded to 
take into account the introduced distorsion of the high frequency local oscillator. 
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